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doi:10.1016/j.ejvs.2010.11.014Abstract Purpose: The study aimed to examine the association between incidentally discov-
ered mesenteric artery stenosis, renal artery stenosis (RAS) and coronary artery disease in
patients undergoing coronary angiography.
Materials and methods: We performed a prospective analysis of consecutive patients undergoing
routine cardiac catheterisation. Abdominal aortograms in lateral and antero-posterior view were
obtained to assess arterial stenosis of the coeliac axis, superior mesenteric artery and renal
arteries. Significant arterial stenosis was defined as a narrowing of at least 50% compared with
the normal artery. Demographic data and cardiovascular risk factors were analysed.
Results: The prevalence of visceral artery stenosis (VAS) was 63/450 (14%) including 48/450
(10.6%) cases of coeliac axis stenosis and 15/450 (3.3%) cases of superior mesenteric artery
stenosis. Female sex (pZ 0.01), older age (pZ 0.03) and the presence of coronary artery disease
(pZ 0.05) were significant predictors for the presence of VAS in univariate analysis. The determi-
nants for VAS in multivariate analysis were female sex and three-vessel coronary artery disease,
while two- and three-vessel coronary artery disease was significant for RAS.
Conclusion: Screening for VAS and RAS in female patients older than 60 years with more than two
diseased coronary segments could have a high diagnostic value.
ª 2010 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.77 12 77 17.
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ty for Vascular Surgery. PublisheAtherosclerosis is a common cause of coronary, carotid,
aorto-iliac, mesenteric and renal artery stenosis (RAS).
The clinical diagnosis of visceral artery stenosis (VAS) and
RAS remains enigmatic. In contrast to myocardial ischaemia,
clinical symptoms of VAS (post-prandial abdominal pain and
weight loss) are very nonspecific and can lead to disastrous
complications as acute mesenteric ischaemia and bowel
necrosis.1 On the other hand, unsuspected RAS, which is alsod by Elsevier Ltd. All rights reserved.
386 S. Bageacu et al.poorly symptomatic, is one of major causes of hypertension,
and bilateral involvement may result in end-stage renal
disease.
Several studies have shown that a strong correlation exists
between coronary artery disease (CAD) and carotid artery
stenosis,2 CAD and RAS3e11 or CAD and peripheral vascular
disease,12,13 corresponding to generalised atherosclerosis.
High prevalence rates of RAS have been reported in
patients with peripheral vascular disease,14 aorto-iliac
disease15 or stroke.16
VAS is also more frequent among patients with unsus-
pected RAS,17,18 although the prevalence of unsuspected
visceral artery disease among patients undergoing cardiac
catheterisation is unknown. We hypothesised that useful
information about mesenteric arteries and renal arteries
could be assessed by abdominal aortography, during coro-
nary angiography without a significant increase of the
procedural risk.
The purpose of this study was to evaluate the prevalence
of VAS and RAS in patients undergoing cardiac catheter-
isation (coronary angiography).
A second goal of the present study was to determine
the variables that may help decide in which group of
patients abdominal screening can be useful during cardiac
catheterisation.
Materials and Methods
Patients
This is a prospective analysis of 492 consecutive patients
referred forcoronaryangiographyovera4-monthperiod tothe
same hospital (University Hospital of Saint-Etienne, France).
The day before cardiac catheterisation, subjects were inter-
viewed using a standardised questionnaire with special regard
to cardiovascular risk factors, medications and symptoms of
mesenteric atherosclerosis. Information regarding six gener-
ally acknowledged risk factors was obtained.
Body mass index (BMI) was calculated from height and
weight measurements. Obesity was considered present if
BMI was >30 kg m2.
Hypertension was defined as either a previous diagnosis
in patients receiving currently anti-hypertensive medica-
tion or multiple blood pressure readings of more than 140/
90 mmHg at the time of admission.
Smoking was considered as a risk factor if the patient
was an active smoker or if there was a history of long-term
smoking.
Diabetes was considered present if the patient received
long-term insulin or oral hypoglycaemic therapy, or fasting
serum glucose was more than 200 mg dl1.
Hyperlipidaemia was defined as a risk factor if patients
were treated by their physician with a cholesterol-lowering
diet or medication, or if cholesterol levels were higher than
240 mg ml1.
A family history of CAD was defined as a history of
ischaemic heart disease in any first-degree relative younger
than 65 years.
All patients were free from abdominal symptoms such as
abdominal pain, abdominal claudication and change in
bowel habitus or recent weight loss. No selection was madefor patients with serum creatinine levels of more than
2.0 mg dl1 although patients with end-stage renal disease
and patients with known RAS were excluded from the study.
Angiographic examination
Coronary angiography was performed after femoral cathe-
terisation using 5-F or 6-F intra-arterial sheaths following
the modified Seldinger technique. Coronary artery lesions
with more than 50% narrowing of the lumen were consid-
ered as significant. After left ventriculography, the pigtail
catheter was withdrawn into the abdominal aorta and
positioned initially 1e2 cm superior to the coeliac axis.
Lateral aortography was performed using Iohexol
300 mg ml1 (Amersham Health Limited). The catheter was
then positioned below the ostia of the renal arteries. A
second aortography in the anterioreposterior projection
was recorded using the same contrast agent.
The use of lateral aortography and semi-selective angiog-
raphy of the coeliac artery and superior mesenteric artery
permittedaccurateanalysisof the severity of arterial stenosis.
The same method was used to eliminate from this study
angiographic findings of the proximal coeliac artery compres-
sion by the median arcuate ligament of the diaphragm.
All angiographic images were analysed by two vascular
surgeons, and decisions regarding the findings were
reached by consensus.
Percentage luminal diameter stenosis was measured
using a normal segment of artery distal to the lesion as
a reference.
An angiographically significant coeliac artery stenosis
(CAS), superior mesenteric artery stenosis (SMAS) and RAS
were defined by a narrowing of the lumen more than 50%. By
convention, moderate artery stenosis was defined as luminal
diameter narrowing between 50% and 75% and severe artery
stenosis as narrowing of more than 75%. Branch stenoses
were not considered in the present analysis.
Statistical analysis
VAS (CAS and/or SMAS) was the primary outcome; the
secondary outcome was RAS.
Bivariate analyses were performed to examine all the
associations between VAS and selected potential predic-
tors: gender, age, cardiovascular risk factors and CAD. The
qualitative variables were compared with a c2 test. All
variable associated with VAS in the bivariate analyses
(p  0.15) were considered for inclusion in a multiple linear
regression model. A stepwise procedure was performed
using the likelihood ratio. The same statistical analysis was
done with the secondary outcome, RAS.
Statistical analyses were performed using Statistical
Package for Social Sciences (SPSS) (version 17.0; Chicago:
SPSS Inc.). All statistical tests were two-sided (a Z 0.05).
Results
Patient characteristics and cardiac catheterisation
Of the 492 studies performed, only 42 (8.5%) were consid-
ered technically inadequate with poor opacification of the
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yielding a study cohort of 450 patients.
Table 1 summarises characteristics of the study
population.
The average age of the 450 patients was 62.09  10.83
years. Among them, 127 patients (28.22%) were female. At
least one cardiovascular risk factor was identified in 392
patients. As many as 196 patients (43.6%) had hypertension,
and 175 (38.88%) had hypercholesterolaemia.
In a majority of patients, coronary angiography was
performed for suspected CAD.
Reasons for cardiac catheterisation were stable angina
pectoris in 98 (21.8%) patients, unstable angina in 153 (34%)
and post-acute myocardial infarction in 93 (20.7%). Another
45 (10%) patients were referred for angiography after
positive exercise stress tests, 26 (5.8%) patients for dilated
cardiomyopathy and 35 (7.7%) before valve surgery for
valvular heart disease.
Significant CAD was found in 279 (62%) of the 450
patients undergoing cardiac catheterisation.
Prevalence of VAS
Of the 450 patients, 59 (13.1%) had significant VAS. In 48
(10.66%) patients, significant stenosis was observed in the
coeliac artery (CAS) and only 15 (3.33%) had stenosis of the
superior mesenteric artery (SMAS). Four patients (0.88%)
were considered to have simultaneously CAS and SMAS.
Female gender was encountered more frequently in the
group of patients presenting with VAS, 42.4% vs 26.1%, and
this difference was statistically significant. Comparison
between groups of patients presenting with VAS (n Z 59)Table 1 Characteristics of the study population
(n Z 450).
Characteristics
Mean age, (SD), y 62.1 (10.8)
Male gender, n (%) 323 (71.8)
Obesity, n (%) 81 (18.0)
Hypertension, n (%) 196 (43.6)
Hypercholesterolaemia, n (%) 175 (38.9)
Current smoker, n (%) 187 (41.6)
Diabetes, n (%) 82 (18.2)
Familial history of CAD, n (%) 118 (26.2)
Significant CAD, n (%) 279 (62,0)
One-vessel 100 (22.2)
Two-vessels 74 (16.4)
Three-vessels 105 (23.3)
Celiac artery stenosis, n (%) 48 (10.7)
Mild 29 (6.4)
Severe 19 (4.2)
Mesenteric artery stenosis, n (%) 15 (3.3)
Mild 12 (2.7)
Severe 3 (0.7)
Renal artery stenosis, n (%)a 34 (7.6)
Mild 20 (4.4)
Severe 15 (3.3)
SD Z standard deviation; CAD Z coronary artery disease.
a One patients had right and left renal artery stenosis.and patients without VAS (n Z 391) showed as possible
predictors for VAS an age greater than 60 years (p Z 0.03)
and the presence of CAD (pZ 0.05) (Table 2). There was no
difference between groups according to the presence of
obesity, hypertension, hypercholesterolaemia, smoking,
diabetes or a family history of CAD.
Female gender was also found to be more frequent in
the group of patients with VAS stenosis with an odds ratio
(OR) of 2.1 (p Z 0.01) in a full model of multivariate
analysis. The frequency of the underlying CAD varied
according to the presence of VAS. Significant VAS was more
frequent in the group of patients with three-vessel CAD
compared with other three groups, although a positive
correlation was demonstrated for three-vessel CAD vs no
CAD (p Z 0.0027). Table 3 shows distribution of VAS
according to the degree of CAD.
Prevalence of RAS
Significant RAS was observed in 35 patients (7.77%) in this
series. In 30 patients, the RAS was unilateral and five had
bilateral artery stenosis. Among 35 patients with RAS, mild
stenosis was diagnosed in 20 patients (4.4%) and severe in
the remaining 15 patients (3.3%) (Table 1).
Comparison of clinical and coronary angiography char-
acteristics between patients with significant RAS (n Z 35)
and without RAS (n Z 415) did not reach statistical signif-
icance (Table 2).
According to the observed frequency of RAS, the severity
of the CAD differed. Significant two-vessel and three-vessel
CAD was found to be a strong predictor for the presence of
RAS. Thus, in a multivariate analysis model, two-vessel CAD
was a determinant for RAS with OR of 2.84 and p Z 0.03,
while the presence of three-vessel CAD reached signifi-
cance with an OR of 3.02 and p Z 0.05 (Tables 4 and 5).
Discussion
The prevalence of VAS in a cohort of patients undergoing
routine cardiac catheterisation has not been described
previously. Significant VAS (narrowing of the arterial lumen
>50%) was estimated between 10% and 24% after unse-
lected autopsy case-series or selected angiographic and
duplex sonography studies.1,18,19
The overall prevalence of MAS was 14% in the present
study. VAS was found frequently in female patients with
established CAD with statistical significance when
comparing with patients without VAS. A strong relationship
was found between the prevalence of VAS and three-vessels
CAD. Older age (>60 years) was shown to be a significant
risk factor for VAS. Our finding of a 16.8% prevalence of
significant VAS in patients older than 60 years is consistent
with Hansen’s results describing 17.5% VAS at duplex
ultrasound in patients older than 65 years.18 However,
there are significant differences in the clinical character-
istics and angiographic findings of our patient population.
Hansen et al.18 described a significant and independent
association between VAS and annualised decrease in body
weight and between VAS and the presence of RAS. A high
prevalence of VAS among patients with unsuspected RAS
was also demonstrated in a retrospective angiographic
Table 3 Determinants for visceral artery stenosis: multi-
variate analysis (full model).
Characteristics OR 95%CI p
Gender
Female vs male 2.10 (1.16e3.80) 0.01
Age
Age60 vs <60 years 1.56 (0.82e2.96) 0.18
Obesity (yes/no) 0.47 (0.19e1.14) 0.09
CAD (ref Z no)
One-vessel 1.42 (0.65e3.11) 0.38
Two-vessels 1.09 (0.42e2.79) 0.86
Three-vessels 2.62 (1.29e5.33) 0.01
CADZcoronary artery disease; ORZodds ratio; CIZconfidence
interval.
Table 2 Differences in patients and disease between patients with and without visceral artery stenosis.
Characteristics, Without VAS With VAS Test of difference Without RAS With RAS Test of difference
N0 (%) (n Z 391) (n Z 59) c
2 p (n Z 416) (n Z 34) c2 p
Gender 6.71 0.01 0.31 0.58
Male 289 (73.9) 34 (57.6) 300 (72.1) 23 (67.6)
Female 102 (26.1) 25 (42.4) 116 (27.9) 11 (32.4)
Age 4.56 0.03 3.27 0.07
 60 years 235 (60.1) 44 (74.6) 253 (60.8) 26 (76.5)
Obesity 2.82 0.09 0.97 0.33
No 316 (80.8) 53 (89.8) 339 (81.5) 30 (88.2)
Yes 75 (19.2) 6 (10.2) 77 (18.5) 4 (11.8)
Hypertension 1.47 0.23 3.49 0.06
No 225 (57.5) 29 (49.2) 240 (57.7) 14 (41.2)
Yes 166 (42.5) 30 (50.8) 176 (42.3) 20 (58.8)
Hypercholesterolaemia 0.77 0.39 0.66 0.41
No 242 (61.9) 33 (55.9) 252 (60.6) 23 (67.6)
Yes 149 (38.1) 26 (44.1) 164 (39.4) 11 (32.4)
Current smoker 1.64 0.20 1.08 0.30
No 224 (57.3) 39 (66.1) 246 (59.1) 17 (50.0)
Yes 167 (42.7) 20 (33.9) 170 (40.9) 17 (50.0)
Diabetes 0.20 0.65 0.70 0.40
No 321 (82.1) 47 (79.7) 342 (82.2) 26 (76.5)
Yes 70 (17.9) 12 (20.3) 74 (17.6) 8 (23.5)
Familial history of CAD 0.22 0.64 1.40 0.24
No 287 (73.4) 45 (76.3) 304 (73.1) 28 (82.4)
Yes 104 (26.6) 14 (23.7) 112 (26.9) 6 (5.1)
CAD 8.04 0.05 6.36 0.10
No 154 (39.4) 17 (28.8) 164 (39.4) 7 (20.6)
One-vessel 87 (22.2) 13 (22.0) 93 (22.4) 7 (20.6)
Two-vessels 67 (17.2) 7 (11.9) 66 (15.9) 8 (16.4)
Three-vessels 83 (21.2) 22 (37.3) 93 (22.4) 12 (35.3)
VAS Z visceral artery stenosis; RAS Z renal artery stenosis; CAD Z coronary artery disease.
Table 4 Determinants for visceral artery stenosis: multi-
variate analysis (limited model).
Characteristics OR 95%CI p
Gender
Female vs male 2.28 (1.28e4.06) <0.01
CAD (ref Z no)
One-vessel 1.43 (0.65e3.11) 0.37
Two-vessels 1.08 (0.42e2.79) 0.87
Three-vessels 2.72 (1.29e5.33) <0.01
CADZcoronary artery disease; ORZodds ratio; CIZconfidence
interval.
Table 5 Determinants for renal artery stenosis: multi-
variate analysis (limited model).
Characteristics OR 95%CI p
CAD (ref Z no)
One-vessel 1.76 (0.60e5.18) 0.30
Two-vessels 2.84 (0.99e8.15) 0.05
Three-vessels 3.02 (1.15e7.95) 0.03
CADZcoronary artery disease; ORZodds ratio; CIZconfidence
interval.
388 S. Bageacu et al.study, in which Valentine et al.17 found no association
between VAS and CAD, smoking or diabetes. They found
a strong correlation with older age and hypertension.
Although no correlation was found between the pres-
ence of VAS and RAS, this association was expected in our
study as a simple reflection of a large visceral plaque
burden as previously reported.17,18 These differences may
be attributed to the variety of patient selection methods
used by these studies.
Table 6 Summary of prospective studies screening for renal artery stenosis in patients undergoing cardiac catheterisation.
Reference (year) Number of
patients
Age Selective
angiography
CAD (%) HTN (%) RAS (%) Predicting factors for
RAS
Harding (1992)23 1302 60 No 63 (>70) 49 15 Age, female sex, PAS,
>2-vessel CAD
Jean (1994)24 196 63 No 78 47 18 CAD, RI
Siogas (1996)20 200 60 Yes 79 45 3 PAS
Crowley (1998)21 14,152 61 No 89 72 6.3 Age, CAD, PAS, RI, HTN,
female sex
Song (2000)19 427 59 No 71 51 5.6 Age, PAS, HTN
Conlon (2001)6 3987 52 No 100 58 9.3 Age, 3-vessel CAD
Yamashita (2002)5 289 66 No 42.6 48 7 HTN
Rihal (2002)7 297 65 No 63 100 19.2 HTN
Wang (2003)4 230 65 Yes 100 66.5 14.8 Age, 3-vessel CAD, HTN
Park (2004)8 1459 62 Yes 68.1 44.2 10.8 Age, CAD, HTN, CS, PAS,
diabetes, RI
Leandri (2004)22 467 64 No 69.2 9 RI, 2-vessel CAD
Tumelero (2006)25 1656 61 No 63.8 13.8 Female sex, CAD, HTN
Current 450 62 Yes 62.4 43.3 7.8 Age, female sex, CAD,
CAD Z coronary artery disease, HTN Z hypertension, RAS Z renal artery stenosis, PAS Z peripheral artery stenosis, RI Z renal
insufficiency, CS Z carotid stenosis.
Incidental Visceral and Renal Artery Stenosis 389In the present study of 450 patients receiving routine
cardiac catheterisation, the prevalence of significant yet
clinically unsuspected RAS was 7.7%. This finding is in
agreement with those of previous angiographic studies
reporting a similar prevalence of significant RAS in patients
screened for suspected CAD5,6,8,19e22 (Table 6). Other
authors demonstrated a higher prevalence of RAS in
patients undergoing cardiac catheterisation, estimated to
be in the range of 13.8e19%.4,7,23e25 One explanation for
the high prevalence of RAS that was found in these studies
is probably the use of non-selective angiography7,23,24 or
studying selectively patients with established CAD and/or
hypertension.6,7 The prevalence of RAS was significantly
higher in patients with established CAD (9.9% vs 4.1%), and
RAS was found more frequently in the group of patients
with three-vessel CAD. Our study provides evidence of
clinical association between the presence of RAS and the
presence and severity of the CAD. Moreover, our study
demonstrates that older patients are more likely to have
RAS, suggesting that atherosclerotic RAS is probably a local
manifestation of more generalised atherosclerosis in the
elderly.10
A trend towards a significant relationship was found
between hypertension and the presence of RAS. Hyper-
tension was shown to be a risk factor, as well as a possible
clinical manifestation of the activated renineangiotensin
system secondary to RAS.25
Our data demonstrated no significant difference in the
prevalence of diabetes, hyperlipidaemia, smoking, obesity
or familial history of CAD in patients with and without VAS
and RAS, and are consistent with findings from similar
studies.4,23,24
In conclusion, VAS and RAS are prevalent in a significant
proportion of patients undergoing cardiac catheterisation
for suspected CAD. A three-vessel CAD is the most powerful
predictor of significant CAS or RAS although female sex
and older age are strong predictors for VAS. The otherinvestigated cardiovascular risk factors did not predict the
presence or absence of VAS or RAS. High-resolution
computed tomographic angiography and magnetic reso-
nance angiography could be considered particularly inter-
esting in female patients older than 60 years with more
than two significant coronary artery stenoses; however, the
clinical importance of incidentally discovered VAS or RAS is
still uncertain. We believe that further investigations in
a larger cohort of patients are necessary before enrolling
this group of patients in a follow-up programme with a high
clinical index of suspicion of possible consequences of VAS
and/or RAS.
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